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©  Fet  and  bipolar  transistor  bridge  circuit  for  driving  a  load. 

©  A  bridge  circuit  (2)  for  driving  a  load  such  as  an 
electric  motor  (36)  in  one  direction  or  an  opposite 
direction  as  desired,  the  circuit  comprising  first  (4) 
and  second  (24)  parallel  arms  for  connection  across 
an  automobile  battery  supply  voltage,  each  arm 
comprising  an  FET  switch  (6,  26)  and  a  bipolar  PNP 
transistor  (8,  28)  connected  in  series  via  mid-point 
nodes  for  connection  across  the  load.  In  each  arm 
the  intrinsic  diode  of  the  field  effect  transistor  and 
the  base-emitter  junction  diode  of  the  PNP  transistor 
are  arranged  to  conduct  forward-biased  current  in 
opposite  directions.  In  this  way,  no  current  path  is 
provided  through  the  arms  of  the  bridge  circuit  in  the 
event  that  the  voltage  supply  to  the  circuit  is  re- 
versed. 
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FET  AND  BIPOLAR  TRANSISTOR  BRIDGE  CIRCUIT  FOR  DRIVING  A  LOAD 

the  base-emitter  diode  junction  of  the  PNP  transis- 
tor  are  arranged  to  conduct  forward-biased  current 
in  opposite  directions,  so  as  to  prevent  conduction 
through  the  arm  if  the  intrinsic  diode  of  the  field 

5  effect  transistor  is  forward-biased. 
Thus,  it  will  be  appreciated,  no  current  path  is 

provided  through  the  arms  of  the  bridge  circuit  in 
the  event  that  the  voltage  supply  to  the  circuit  is 
reversed  because,  if  a  field  effect  transistor  switch 

70  in  an  arm  has  its  intrinsic  diode  forward  biased,  the 
bipolar  transistor  switch  in  the  same  arm  has  its 
base-emitter  diode  junction  reverse  biased. 

Background  of  the  Invention 

This  invention  relates  to  bridge  circuits  for  driv- 
ing  loads.  Such  bridge  circuits  find  application  in, 
for  example,  driving  loads  such  as  electric  motors, 
which  must  be  driven  in  opposite  directions  as 
desired. 

In  a  typical  known  bridge  circuit  for  driving  an 
electric  motor  in  an  automotive  application,  the 
bridge  circuit  is  formed  by  four  field  effect  transis- 
tors  connected  in  series  pairs  as  the  two  parallel 
arms  of  the  bridge.  The  voltage  supply  provided  by 
the  automobile  battery  is  connected  across  the 
end-points  of  the  two  arms,  and  the  mid-points  of 
the  two  arms  are  connected  across  the  electric 
motor.  By  switching  the  field  effect  transistors  at 
two  opposite  sides  of  the  bridge  "on"  and  switch- 
ing  the  other  field  effect  transistors  "off",  current  is 
driven  through  the  motor  in  one  direction;  by 
switching  the  four  field  effect  transistors  to  their 
opposite  states,  current  is  driven  through  the  motor 
in  an  opposite  direction. 

However,  such  a  known  bridge  circuit  will  be 
damaged  if  the  battery  voltage  is  connected  to  the 
bridge  circuit  with  reverse  polarity.  The  field  effect 
transistors  of  the  bridge  are  arranged  so  that  the 
intrinsic  diodes  between  their  source  and  drain 
electrodes  are  reverse  biased  and  no  current  flows 
when  the  battery  voltage  is  connected  to  the  bridge 
with  the  predetermined  correct  polarity.  If  the  bat- 
tery  voltage  is  connected  with  the  opposite  polarity 
(as  can  easily  occur  in  an  automobile),  the  intrinsic 
diodes  of  the  field  effect  transistors  become  for- 
ward  biased  and  conduct:  the  transistors  quickly 
burn  out.  Therefore,  such  known  bridge  circuits,  if 
they  are  to  be  used  in  automotive  applications, 
must  be  provided  with  additional  reverse  battery 
protection. 

75  Brief  Description  of  the  Drawings 

One  bridge  circuit  for  driving  a  load  in  accor- 
dance  with  the  present  invention  will  now  be  de- 
scribed,  by  way  of  example  only,  with  reference  to 

20  the  accompanying  drawings,  in  which: 
FIG.  1  shows  a  circuit  diagram  of  a  bridge 
circuit  for  driving  two  electric  motors  from  an 
automobile  battery  voltage  supply. 

25 
Description  of  the  Preferred  Embodiment 

Referring  now  to  FIG.  1  ,  a  bridge  circuit  2  has 
a  first  arm  4  constituted  by  an  N-channel  field 

30  effect  transistor  (FET)  switch  6  and  a  bipolar  PNP 
transistor  switch  8.  The  FET  6  has  its  drain  elec- 
trode  connected  to  the  negative,  or  earth,  terminal 
of  an  automobile  battery  (not  shown),  and  has  its 
source  electrode  connected  to  a  node  10.  The  FET 

35  6  has  its  gate  electrode  connected  to  switching 
control  circuitry  (not  shown).  The  bipolar  PNP  tran- 
sistor  8  has  its  emitter  connected  to  a  voltage  VBAt 
supplied  from  the  positive  terminal  of  the  auto- 
mobile  battery  (typically  +12V),  and  has  its  collec- 

40  tor  connected  to  the  node  10.  The  bipolar  PNP 
transistor  8  has  its  base  connected  the  switching 
control  circuitry  via  a  resistor  12  (having  a  value  of 
approximately  1000).  The  emitter  of  the  bipolar 
transistor  8  is  connected  to  its  base  via  a  resistor 

45  14  (having  a  value  of  approximately  1kfl)  to  aid 
switching  of  the  transistor. 

The  bridge  circuit  2  also  has  a  second  arm  24 
constituted  by  an  N-channel  FET  switch  26  and  a 
bipolar  PNP  transistor  switch  28.  The  FET  26  has 

so  its  drain  electrode  connected  to  the  negative  termi- 
nal  of  the  automobile  battery,  and  has  its  source 
electrode  connected  to  a  node  30.  The  FET  26  has 
its  gate  electrode  connected  to  the  switching  con- 
trol  circuitry.  The  bipolar  PNP  transistor  28  has  its 
emitter  connected  to  the  battery  voltage  VBat.  and 

Summary  of  the  Invention 

It  is  an  object  of  the  present  invention  to  pro- 
vide  an  improved  bridge  circuit  for  driving  a  load 
wherein  the  above  disadvantage  may  be  overcome 
or  at  least  alleviated. 

In  a  preferred  form  of  the  present  invention  a 
bridge  circuit  for  driving  a  load  comprises  two 
parallel  arms  for  connection  at  their  end-points 
across  an  automobile  battery  supply  voltage.  The 
two  arms  each  comprise  a  series-connected  field 
effect  transistor  switch  and  a  PNP  bipolar  transistor 
switch.  The  mid-points  of  the  two  arms  are  for 
connection  across  an  electric  motor.  In  each  arm 
the  intrinsic  diode  of  the  field  effect  transistor  and 
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through  the  motor  36  (upwards  as  seen  in  FIG.  1), 
and  through  the  FET  6. 

Similarly,  to  drive  the  second  motor  56  in  one 
direction,  the  PNP  transistor  48  and  the  FET  6  are 

5  switched  "off",  while  the  PNP  transistor  8  and  the 
FET  46  are  switched  "on";  this  causes  current  to 
flow  through  the  PNP  transistor  8,  through  the 
motor  56  (downwards  as  seen  in  FIG.  1),  and 
through  the  FET  46.  Alternatively,  to  drive  the  first 

to  motor  56  in  the  opposite  direction,  the  PNP  transis- 
tor  8  and  the  FET  46  are  switched  "off",  while  the 
PNP  transistor  48  and  the  FET  6  are  switched 
"on";  this  causes  current  to  flow  through  the  PNP 
transistor  48,  through  the  motor  56  (upwards  as 

75  seen  in  FIG.  1),  and  through  the  FET  6. 
When  neither  motor  36  nor  motor  56  is  en- 

ergized,  the  switching  control  circuitry  switches  all 
the  transistors  "off".  In  this  condition,  with  the 
battery  earth  voltage  applied  to  the  drains  of  the 

20  FETs  6,  26  and  46,  and  with  the  positive  battery 
voltage  VBat  applied  to  the  emitters  of  the  PNP 
transistors  8,  28  and  48,  no  current  flows  in  any  of 
the  three  arms  4,  24  or  44  because  in  each  arm 
the  intrinsic  diode  of  the  FET  is  reverse  biased, 

25  preventing  current  flow. 
In  the  event  that  the  automobile  battery  is 

improperly  connected  so  that  the  battery  earth  volt- 
age  applied  to  the  emitters  of  the  PNP  transistors 
8,  28  and  48,  and  the  positive  battery  voltage  VBAt 

30  is  applied  to  the  drains  of  the  FETs  6,  26  and  46, 
still  no  current  flows  in  any  of  the  three  arms  4,  24 
or  44  because  in  each  arm  although  the  intrinsic 
diode  of  the  FET  is  now  forward  biased,  the  base- 
emitter  junction  of  the  PNP  transistor  is  reverse 

35  biased,  preventing  current  flow.  In  this  way,  the 
PNP  transistors  8,  28  and  48,  being  of  type 
TIP36A,  have  base-emitter  junctions  with  reverse 
breakdown  voltages  in  excess  of  12V,  and  so  pro- 
vide  adequate  protection  against  reverse  polarity 

40  connection,  as  required  in  an  automotive  applica- 
tion. 

It  will  be  appreciated  that  although  in  the  circuit 
of  FIG.  1  in  the  above  described  embodiment  bi- 
polar  PNP  transistors  are  used,  other  types  of 

45  transistors  whose  intrinsic  diodes  are  arranged  op- 
posite  to  those  of  the  relevant  FET  in  the  same 
arm  of  the  bridge  may  alternatively  be  used,  e.g. 
NPN  transistors. 

It  will  be  appreciated  that  various  modifications 
so  or  alternatives  to  the  above  described  embodiment 

will  be  apparent  to  the  man  skilled  in  the  art 
without  departing  from  the  inventive  concept. 

has  its  collector  connected  to  the  node  30.  The 
bipolar  PNP  transistor  28  has  its  base  connected 
the  switching  control  circuitry  via  a  resistor  32 
(having  a  value  of  approximately  100Q).  The  emit- 
ter  of  the  bipolar  transistor  28  is  connected  to  its 
base  via  a  resistor  34  (having  a  value  of  approxi- 
mately  1  K(!)  to  aid  switching  of  the  transistor. 

A  first  electric  motor  36  has  its  winding  con- 
nected  between  the  node  10  of  the  first  arm  4  and 
the  node  30  of  the  second  arm  24. 

The  bridge  circuit  2  also  has  a  third  arm  44 
constituted  by  a  FET  switch  46  and  a  bipolar  PNP 
transistor  switch  48.  The  FET  46  has  its  drain 
electrode  connected  to  the  negative  terminal  of  the 
automobile  battery,  and  has  its  source  electrode 
connected  to  a  node  50.  The  FET  46  has  its  gate 
electrode  connected  to  the  switching  control  cir- 
cuitry.  The  bipolar  PNP  transistor  48  has  its  emitter 
connected  to  the  battery  voltage  VBAt,  and  has  its 
collector  connected  to  the  node  50.  The  bipolar 
PNP  transistor  48  has  its  base  connected  the 
switching  control  circuitry  via  a  resistor  52  (having 
a  value  of  approximately  100Q).  The  emitter  of  the 
bipolar  transistor  48  is  connected  to  its  base  via  a 
resistor  54  (having  a  value  of  approximately  1k0)  to 
aid  switching  of  the  transistor. 

A  second  electric  motor  56  has  its  winding 
connected  between  the  node  10  of  the  first  arm  4 
and  the  node  50  of  the  second  arm  44. 

The  bipolar  PNP  transistors  8,  28  and  48  are 
all  of  type  TIP36A,  sold  by  Motorola,  Inc.  The  FETs 
6,  26  and  46  are  all  of  type  MTP40N06L,  also  sold 
by  Motorola,  Inc.  As  is  well  known,  the  FETs  6,  26 
and  46  each  have  an  intrinsic  diode  (not  shown) 
which  can  be  considered  as  being  in  parallel  with 
the  FET's  current  electrodes,  with  its  anode  con- 
nected  to  the  drain  electrode  and  its  cathode  con- 
nected  with  the  source  electrode. 

In  use  of  the  bridge  circuit  2,  the  switching 
control  circuitry  (which  is  identical  to  that  used  in 
the  prior  art)  supplies  the  necessary  control  signals 
to  simultaneously  switch  on  the  relevant  transistors 
to  drive  the  motors  36  and  56  in  the  desired 
directions.  The  circuit  and  operation  of  the  switch- 
ing  control  circuitry  is  the  same  as  used  in  the 
prior  art  and  need  not  be  considered  in  greater 
detail  herein. 

To  drive  the  first  motor  36  in  one  direction,  the 
PNP  transistor  28  and  the  FET  6  are  switched 
"off",  while  the  PNP  transistor  8  and  the  FET  26 
are  switched  "on";  this  causes  current  to  flow 
through  the  PNP  transistor  8,  through  the  motor  36 
(downwards  as  seen  in  FIG.  1),  and  through  the 
FET  26.  Alternatively,  to  drive  the  first  motor  36  in 
the  opposite  direction,  the  PNP  transistor  8  and  the 
FET  26  are  switched  "off",  while  the  PNP  transistor 
28  and  the  FET  6  are  switched  "on";  this  causes 
current  to  flow  through  the  PNP  transistor  28, 

55  Claims 

1.  A  bridge  circuit  (2)  for  driving  a  load  (36),  the 
circuit  comprising: 
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a  first  arm  (4)  for  connection  between  a  first  supply 
potential  (VBat)  and  a  second  supply  potential,  the 
first  arm  comprising  first  (6)  and  second  (8)  switch 
means  connected  in  series  via  a  first  node  (10)  for 
connection  to  a  first  terminal  of  a  load;  and  5 
a  second  arm  (24)  for  connection  between  the  first 
supply  potential  and  the  second  supply  potential, 
the  second  arm  comprising  third  (26)  and  fourth 
(28)  switch  means  connected  in  series  via  a  sec- 
ond  node  (30)  for  connection  to  a  second  terminal  w 
of  the  load, 
the  first  switch  means  and  the  third  switch  means 
each  being  field  effect  transistors  having  intrinsic 
diodes  conducting  forward-biased  current  in  pre- 
determined  directions,  and  75 
characterised  by: 
the  second  switch  means  and  the  fourth  switch 
means  each  being  bipolar  transistors  having  diode 
junctions  conducting  forward-biased  current  in  di- 
rections  opposite  respectively  to  the  intrinsic  di-  20 
odes  of  the  first  switch  means  and  the  third  switch 
means,  so  as  to  prevent  conduction  through  the 
first  or  second  arm  if  the  intrinsic  diode  of  the  first 
switch  means  or  the  second  switch  means  is 
forward-biased.  25 
2.  A  bridge  circuit  according  to  claim  1  wherein  the 
field  effect  transistors  (6,  26)  are  N-channel  field 
effect  transistors. 
3.  A  bridge  circuit  according  to  claim  1  or  2 
wherein  the  bipolar  transistors  (8,  28)  are  PNP  30 
transistors. 
4.  A  bridge  circuit  according  to  claim  1,  2,  or  3 
wherein  the  intrinsic  diodes  of  the  bipolar  transis- 
tors  are  the  bipolar  transistors'  base-emitter  junc- 
tions.  35 
5.  A  bridge  circuit  according  to  claim  1  for  addition- 
ally  driving  a  further  load  (56),  the  circuit  further 
comprising  a  third  arm  (44)  for  connection  between 
the  first  supply  potential  and  the  second  supply 
potential,  the  third  arm  comprising  fifth  (46)  and  40 
sixth  (48)  switch  means  connected  in  series  via  a 
third  node  (50),  the  first  and  third  nodes  being 
arranged  for  connection  across  the  further  load. 
6.  A  bridge  circuit  according  to  claim  1  for  use  with 
an  automobile  battery  voltage  supply  wherein  the  45 
bipolar  transistors,  intrinsic  diodes  have  reverse 
breakdown  voltages  greater  than  substantially 
twelve  volts. 

50 

55 
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